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Introduction

Ca
2+ -regulated photoproteins of marine coelenterates, e.g. aequorin from the jellyfish Aequorea (Shimomura et al., 1962) and obelin from the hydroid Obelia (Morin et al., 1971) are stable complexes consisting of single-chain apoprotein (about 20 kDa) and pre-oxidyzed substrateperoxycoelenterazine, tightly but non-covalently immobilized in hydrophobic cavity (Head et al., Liu et al., 2000) . were cloned and expressed in E. coli cells (e.g. Prasher et al., 1985; Inouye et al., 1993; Illarionov et al., 1995) , making the recombinant apoproteins available. The apophotoproteins are turned into photoproteins by simple incubation with synthetic coelenterazine at reducing conditions without any folding problems. Due to the high quantum yield and low background it is possible to discriminate as small as 10 -18 mol of photoprotein. That is why the recombinant Ca 2+ -regulated photoproteins (aequorin and obelin, first of all) are widely used as effective reporters in cells and in vitro assays (see for ref. Blinks et al., 1982; Lewis et al., 2000) . To become a specific label, photoproteins are conjugated with proper bio-specific molecule chemically or by engineering of genetically fused proteins (chimeras). Many photoproteins cloned for to date (aequorin, obelins, clytin) contain C-end Pro. As was reported for native aequorin, any modifications on the C-terminus proline (deletion, substitution or addition) result in almost total loss of its bioluminescent activity or stability (Nomura et al., 1991; Watkins et al., 1993) . Since modification of the N-terminus of aequorin and obelin has no any adverse effect on luminescence activity, the gene fusions had been made only through their N-termini (Zenno et al.; Frank et al., 1996; Waud et al., 2001; Baubet et al., 2000; Gorokhovatsky at al., 2004) . At the same time, the functionality of some polypeptides lies in their C-terminal region, as well as the recognition of some antibodies occurs only at the epitope on polypeptide C-terminus. Hence, the development of C-terminus-extended derivatives of obelin would essentially broaden its analytical applications.
The goal of our work was to investigate Ca 2+ -regulated photoprotein obelin as N-terminal label in the fusion proteins. The main background for the study was the fact that mitrocominphotoprotein of the hydromedusan Halistaura (Mitrocoma), contains additional tyrosine after C-end proline (Fagan et al., 1993) . This is the reason why tyrosine was taken for the shortest prolongation of obelin C-terminus. Then OL-Y was fused with N-terminus of a green fluorescent protein from Clytia gregaria (cgreGFP). In the paper we describe the construction of expression vectors encoding the proteins of interest, their expression in E. coli cells, purification and
properties. and cgreGFP of high purity were obtained as described in (Illarionov et al., 2000; Markova et al., 2002; 2010) .
Materials and methods
Reagents
All other chemicals were from standard sources and were of reagent grade or better.
Oligonucleotides were purchased from 
Protein analysis
The electrophoresis was performed according to Laemmli, using a 12.5 % polyacrylamide gel. Protein concentration was measured with the BioRad DC protein assay kit.
Bioluminescence measurement
The bioluminescence intensity was measured with a BLM 8801 photometer (SCTB ''Nauka'', Russia) by rapid injection of 0.2 ml of 100 mM CaCl 2 , 100 mM Tris-HCl, pH 8.8, into the photometer cell containing 0.5 ml of 5 mM EDTA, 100 mM TrisHCl, pH 8.8, and the protein aliquot.
Spectral measurements
The absorption spectra were obtained The emission spectra were corrected with the computer program supplied with the instrument.
All spectral measurements were carried out at room temperature.
The bioluminescence spectra were 
Results and discussion
The obelin C-end extension was performed with minimal fragment -one amino acid (tyrosin), and also with the whole protein approximating obelin molar mass -green fluorescent protein of Clytia gregaria (cgreGFP) through 31 aa flexible linker of almost 110 Å (Fig. 2) . Table. One can see that the addition of one amino acid to obelin C-end had no dramatic effect on bioluminescent activity which retained 75 % of the WT obelin activity.
In the case of OL-cgreGFP, the lower activity can be attributed to the lack of chromatographic separation stage after coelenterazine activation, so the sample may be the mixture of charged and uncharged proteins. There are no differences between the absorption spectra of OL-Y and WT obelin:
both display maxima at 278 nm (polypeptide absorption) and at 460 nm (absorption of peroxycoelenterazine, immobilized into protein cavity) (Fig. 5A ). The cgreGFP spectrum ( (Markova et al., 2010) . In our case the high expression level of recombinant protein causes its "packing" into insoluble inclusion bodies (Fig. 3) .
As a consequence, insolubility prevents posttranslational fluorophore maturation of the major part of the expressed cgreGFP module.
The OL-Y Ca 2+ -triggered bioluminescence spectrum (Fig. 6A , line 1) is broad and like WT obelin bioluminescence spectrum displays 
